Background and purpose: When migrants go to a new country to work, they experience transition of epidemiological risk factors, a new system of access to healthcare and changing life styles. Their comprehension of health risk factors will depend on acculturation pattern. Moreover, musculoskeletal disorders (MSDs) are significantly prevalent in such a population due to the manual work in their jobs. Myanmar immigrant's acculturation level has not yet been studied in relation to prevalent diseases. This study aimed to investigate health risk behaviors, the prevalence of musculoskeletal disorders, and associated factors. Methods: A cross-sectional study surveyed 414 Myanmar migrant workers in Chiangmai, Thailand. Face-to-face interviews administered structured questionnaires which comprised the transculturally validated East Asian Acculturation Measure scale, Standardized Nordic musculoskeletal questionnaires, Patient Health Questionnaires 2 and 9 for depression and questionnaires to screen health behaviors and jobs. Data analysis applied binary logistic regression. Results: About 26.3% were current smokers and 40.8% current drinkers. Of the 75.8% of participants did not exercise, 40.1% were overweight and obese, 44.7% had prehypertension, 27.1% hypertension, and 13% had depression. The prevalence of MSDs at any site over the previous 12 months was 53.4% and it was significantly associated (P-value≤0.05) with female (adjusted odd ratio (aOR)=1.75; 95% confidence interval (CI)=1.04-2.94), depression (aOR=2.19;CI=1.10-4.39), marginalization pattern of acculturation (aOR=1.87;CI=1.09-3.21) and MSDs at any site last week (aOR=8.41;CI=4. 09-17.30). Conclusion: Health behaviors in this young, working migrant population are risky, and MSDs are common problems for migrant workers in northern Thailand. Findings of the current study highlighted health behaviors and cultural adaption as attributes to chronic, disabling, and common health problems of migrant workers. Public health interventions and recommendations considering this evidence may improve migrants' health status, leading to better quality-of-life and productivity.
Introduction
Thailand is the main destination for international migration in the greater Mekong sub-region and, as of May 2016, about 2 million documented migrants are working in Thailand and, among them, about 80% are from Myanmar. 1, 2 Mostly, they are employed in low skilled jobs and manual labors. As a result, musculoskeletal disorders (MSDs) are common amongst migrant workers due to the nature of their jobs. Moreover, the perception of pain is multifactorial and the MSDs may be related to the extent of how the migrants can adapt to the new working environment and their physical and mental health. According to the criteria of Kuorinka et al, 3 the MSDs may be defined as an ache, pain, discomfort, or numbness in the defined area over a set period of time. It can range from minor discomfort to severe pain and loss of function. It can lead to the migrant workers not only suffering from symptoms but also absence from jobs, treatment costs, and loss of income. The Thailand Ministry of Public Health 4 noted that MSDs were the top leading cause of outpatient visits for healthcare providers in 2015. According to the World Health Organization, Thailand, 5 migrant workers constitute more than six percent of the national GDP. Since migrant workers are a vulnerable population to various kinds of health and social security threats, research focusing on the migrant population is consistently necessary.
Currently, Myanmar migrants working in Chiang Mai province, Thailand are ethnically Myanmar and Shan who shared more or less similar culture and religious practices. Though Myanmar language is an official and school language in their country of origin, their language skills are diverse depending on education background at Myanmar government schools. Their culture, social contexts and Thai Language proficiencies are also variable. Moreover, their adaptation to the Thai context in Chiang Mai is different. When migrants move to a new country to work, they experience a transition of epidemiological risk factors, a new system of access to healthcare, and changing life style such as food and drinks. However, their comprehension of health risk factors, access to healthcare and health promotion and preventive practices in a new country will depend on the acculturation process. Acculturation is a process in which an individual adopts, acquires, and adjusts to a new cultural environment. 6 In public health literature, the concept of acculturation has included both unidimensional and bi dimensional models. Park 7 first postulated a unidimensional model by considering the process as it occurs to entire cultures through invasion and migration. According to this theory, greater acculturation is both the result and cause of the loss of one's original culture, and it can be best described by assimilation where an individual becomes part of the new group. One of the most widely used, Berry's bi-dimensional model, proposed that acquiring or adhering to a new dominant culture is independent of maintaining the culture of origin. Acculturation is a long-term, lengthy, fluid process that can result in lasting change to both minority culture and dominant society. It is defined as alterations that result from continuous, direct contact between members in different cultural groups. Berry proposed four possible strategies/outcomes of acculturation: assimilation, separation, integration, and marginalization. The acculturation strategies of Myanmar migrant workers will depend on the extent in which they can adjust and develop themselves in the new environment in Thailand. [8] [9] [10] When individuals do not wish to maintain the heritage culture and wish to seek daily interaction with the host culture, assimilation is defined. In contrast, when the immigrant holds the original heritage and wishes to avoid the host culture at the same time, it is termed separation. When there is an interest in maintaining both the original and host cultures, integration is the option. Marginalization is when there is little interest in maintaining the original culture (often for reasons of enforced cultural loss) and little interest in relation with the host culture (often for discrimination). 11 Qualitative studies in Chiangmai found that Myanmar migrants in Chiangmai were mainly Shan ethnic, and that they had assimilation, separation, and integration patterns of acculturation. 12, 13 We want to measure their pattern of acculturation relating to health.
Existing literature pointed out the prevalence of musculoskeletal disorders related to their job nature and working hours, but it's association with the pattern of acculturation and other health risk factors was not yet studied in this migrant population. 14, 15 In addition, acculturation can have positive or negative impacts on health, 16 and, when Myanmar migrant workers move to Thailand, a country richer than their native country, their lifestyle changes and health risk behaviors also become interesting and important issue in public health.
Materials and methods

Research design
A cross-sectional survey with face-to-face interviews administering structured questionnaires was done. Adult migrant workers (18-60 years old) from Myanmar who provided written informed consent voluntarily participated in this study.
Population and study population
The sample size of the study population was calculated by using Taro Yamane formulae, and the formulae used was stated as n=[N/1+N(e) 2 ], where, n=sample size; N=total population; and e=tolerable error (0.05 or 95%). 17 The population of 81,299 Myanmar migrants working in Chiang Mai province was considered the total population and a sample size of about 398 was calculated. A total of 414 participants were included in the final analysis.
Research instruments
The questionnaires in the Thai and Myanmar version consisted of seven parts; Demographic characteristics of the participants included age, sex, education, marital status, Thai language skills, and duration of stay in Thailand. Regarding health behaviors, smoking and alcohol, sleeping hours, frequency of eating vegetables, exercise, knowledge about health insurance, and health seeking behaviors were included. Job factors included types of job, job wages, job hours per day, estimated income per month, duration of current job, and job postures.
Standardized Nordic questionnaires consisted of questionnaires asking about the last 7 days prevalence and past 12 months prevalence of MSDs indicated in the body map for nine regions (neck, shoulders, upper back, elbows, wrists/hands, lower back, hips/thighs, knees, ankles/feet) with yes or no responses. The questionnaires have been extensively used in research studies on MSDs in the general population and among different occupational groups and are considered to be highly reliable. 18, 19 The respondents' subjective assessment of musculoskeletal disorders experienced in the last 1 week and last 12 months could be identified on a body map. Furthermore, whether such troubles prevented them from doing their normal activities such as job, housework, and hobbies, and whether they had seen a physician for that troubles were also asked.
Acculturation pattern was measured by the EAAM. 20 The EAAM was identified as validated in an Asian population and the original EAAM was adapted for Myanmar workers in a Thailand setting. It consisted of four dimensions: Integration (5 items), Separation (7 items), Assimilation (8 items), and Marginalization (9 items). Items were rated on a 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree), and the respective sub-scale items were summed and divided by the number of items to yield a mean scale for each pattern. The scales were then recoded as dichotomous variables, with 0=score less than 3.50 and 1=score greater than or equal to 3.50, in accordance with Barry. 20 Depression was screened by patient health questionnaires PHQ 2 first, followed by assessment with PHQ 9 for participants with one positive response in PHQ 2. This was a validated and commonly used screening tool for depression. 21 The total scores for PHQ 9 were summed up and categorized into five groups; none or minimal (0-4), mild (5-9), moderate (10) (11) (12) (13) (14) , moderately severe (15) (16) (17) (18) (19) , and severe (20-27) depression groups. The dichotomous variables, with 1=no depression and 2=mild, moderate, moderately severe, and severe depression, were recoded.
According to the WHO 22 process of translation and adaptation of instruments, all the study instruments were translated to Myanmar and Thai languages and back translated into English and retranslated into Myanmar and Thai by independent language experts and reviewed and edited by researchers after pilot testing among migrant workers. The overall reliability coefficients Cronbach's alpha of Nordic questionnaires, EAAM, PHQ 2, and PHQ 9 were 0.92 (Thai) and 0.89 (Myanmar), 0.82 (Thai) and 0.73 (Myanmar), and 0.97 (Thai) and 0.75 (Myanmar), respectively.
Health assessments included body weight, height, waist circumference, hip circumference, body fat percentage, blood pressure measurements. All measurements were carried out by well-trained investigators.
Data collection
This study was conducted in accordance with the Declaration of Helsinki, and ethical approval was obtained from While waiting in the queue for the work permit and certificate of identity, we recruited the potential participants and the procedures to be conducted in our research were explained well. The measurement of blood pressure, body mass index, body fat percentage, and waist-hip ratio would not harm the participant and the risk in participation in this research was minimal and negligible. Their voluntary participation in our research was requested and they were recruited with their written informed consent. A face-to-face interview was conducted by trained research assistants who were able to speak in Thai, Myanmar, and Shan languages.
Health assessments were as follows; standing height without shoes and body weight without any jackets were measured by using a portable stadiometer and digital weighing scale, and body mass index (BMI) was calculated. With an Omron HBF 306 fat loss monitor, set with individual age (completed years), sex, weight (kg) and height (cm), body mass index, basal metabolic rate, body types; lean, muscular, normal, latent obesity, obesity and body fat percentage were measured. Waist circumference and hip circumference were measured to the nearest 0.1 cm by a standard measuring tape. Waist circumference was measured at the midway point between the lowest palpable rib and the anterior superior iliac crest, and hip circumference was measured around the widest part of the buttock. Blood pressure was measured by an Omron digital sphygmomanometer and the measurement was repeated a second time after taking a rest for 5 minutes if initial blood pressure was more than 140/90 mmHg.
Data analysis
Data were entered, validated, and analyzed by SPSS version 24, and some continuous variables were made into dichotomous categorical variables by using suitable standard cutoffs. Data from health assessments were categorized according to specific guidelines in each item as follows; Body Mass Index (BMI) was categorized into four groups, Underweight: BMI <18.5, Normal: BMI 18.5-22.9, Overweight: BMI 23-24.9 and Obese: BMI ≥25 according to Asia Pacific guidelines. 23 Blood pressure measurements were categorized into three groups, normo-tension: systolic blood pressure (SBP) <120 mmHg and diastolic blood pressure (DBP) <80 mmHg; pre-hypertension: SBP 120-139 mmHg or DBP 80-89 mmHg; and hypertension: SBP ≥140 mmHg or DBP ≥120 mmHg in accordance with hypertension screening in Thailand. 24 Central obesity was calculated by sex-specific waist-hip ratio. Waist-hip ratios ≥0.9 in males and ≥0.85 in females were regarded as central obesity by WHO cut-off points. 25 Age-and sex-specific body fat percentage measurements were categorized into under-fat, standard, over-fat, and obese according to Omron fat loss monitor references. 26 Socio-demographic characteristics were analyzed by the descriptive analysis and the comparison of means of four acculturation strategies with three groups of duration of stay in Thailand (group 1: <5 years, group 2: >5 years and <10 years, and group 3: >10 years) was done using the Kruskal Wallis test.
Data were stratified by MSDs sub-category and MSDs at any site over the last 7 days and last 12 months. Basic statistical associations between demographic, psychosocial, job factors, and health risk behaviors were initially evaluated by Chi square tests for MSDs at any sites over the last 12 months and last 7 days. Risk factors were then calculated by binary logistic regression. Previous 12 months MSDs at any sites was used as a dependent variable, with demographic (individual) factors and psychosocial factors as independent variables. Adjusted odds ratios (aOR) with 95% confidence interval and P-value≤0.05 were considered to be significant associated factors.
Results
Socio-demographic characteristics of the participants
The mean age of the study participants was 29.45±9.03 years, with 55.8% being male and 44.2% being female. Most of them were Shan ethnics (about 87%) and about 49% of participants did not have formal school education (shown in Table 1 ). According to the findings of the EAAM, separation was the most predominant acculturation strategy, followed by integration, assimilation, and marginalization (Figure 1) .
By comparing the means of four acculturation strategies, the significant differences between the means of separation, integration, assimilation strategies and three groups of duration of stay in Thailand were noted (Figure 2 ).
Health assessment of the participants
The mean body fat percentage was 23.26±7.09% and about 68.1% could not have adequate sleeping hours at night; health assessments are described in Table 2 .
Prevalence of musculoskeletal disorders
Of the 53.4% of participants had MSDs at any site over the last 12 months and about 18.1% had MSDs at any site over the last 7 days. Low back was the most prevalent site in both situations, and the results are shown in Table 3 . Binary logistic regression analysis indicated statistically significant associations (P-value≤0.05) between MSDs at any site over the last 12 months and several factors, and the results are given in Table 4 .
Discussion
Our study population included a young adult working population mainly, but their health behaviors are risky. When compared to the findings of a prospective cohort study in the Thai rural community of similar socioeconomic characteristics which was conducted from 2008-2015, percentages of current smokers and prehypertension are higher in our participants than Thai adults in that study. (26.3% vs 20.82% and 44.7% vs 29.39% respectively). 27 The mean duration of smoking in the study participants is about 8.00 ±8.52 years. But, about 40.8% of current drinkers in this study are lower than 44.13% in that cohort study and spirits is the most common type of alcohol in this population. The prevalence of hypertension and insufficient physical activity is also lower than Thai adults in the rural community (28.93% vs 27.1% and 77.28% vs 75.8%, respectively). However, the prevalence of smoking, alcohol drinking and physical inactivity is quite high compared to another study of Myanmar youth workers in Samut Sakhon (Central Thailand) in 2000 (21.5% current smokers, 25.4% alcohol drinkers, and 36.7% physical inactivity). 28 Their health behaviors are riskier than that of their host and native countries. 4, 29, 30 Although their lifestyles are risky, their knowledge about the healthcare system is poor. About 34.3% of participants do not know the migrant health insurance scheme (30 baht scheme) for registered migrants provided by the Thai government, which is higher than 10% in IOM report 2015. 31 Low back MSDs is the most prevalent site like other studies in migrants in Thailand, and about 33.6% of our participants have 12 months prevalence of low back MSDs, which is higher than a study of Myanmar migrant workers in the seafood industry in Thailand. 32, 33 Female workers are more significantly associated with MSDs than males, and this finding is in agreement with another study of Myanmar migrant labor in Thailand, and the perception of pain and lower pain tolerance may be one of the precipitating factors for MSDs in females. 34 About 13.0% of participants have depression, which is lower than the 33.3% depression rate in a study of Myanmar migrant workers in Thai and Myanmar border in 2016 but higher than the 12% prevalence of mild depression in a study conducted among Myanmar migrant students in Thailand. 35, 36 Depressed participants have chronic MSDs two times more than the no depression group. Perception of pain is multifactorial and a significant association of MSDs with depression is consistent with other studies. 37, 38 
Integration Assimilation Marginalization
High mean score ≥ 3.5 Low mean score < 3.5 Acculturation patterns of study participants are separation (mean±SD=4.94±1.15), followed by integration (4.56 ±1.35), assimilation (2.96±1.18), and marginalization (2.53±1.12). Recent immigrants will be unlikely to immediately integrate into a new culture. Therefore, the time elapsed since arrival in Thailand will be an important factor to be considered, and significant differences between the means of separation, integration, assimilation, and duration of stay in Thailand were noted in this study. The marginalization group did not have any significant differences in means, but it had a significant association with MSDs at any site over the last 12 months. Immigration is one of the social determinants of health and acculturation may affect positive or negative health outcomes. 37, [39] [40] [41] People with a marginalization pattern of acculturation reject the receiving culture and discard the heritage culture. As Schwartz and colleagues state, it is not clear whether the immigrant paradox is due to immigrants' acquisition of receiving-culture practices, loss of heritage culture practices, or both. 42, 43 Our study found that the marginalization pattern was significantly associated with chronic MSDs but in a study of South Eastern Asian female workers in Korea, separation had a significant association with work-related MSDs. 44 The MSDs at any site over the last 7 days have a significant association with the MSDs at any site over the last 12 months and chronicity of the MSDs may be dependent on the acute MSDs, which is an important alarming feature for reduction of prevalence, recurrence, and chronicity of the MSDs among migrant workers.
Limitations and strengths of the study
Due to ethical reasons, our study participants represented only registered migrant workers. Moreover, subjective assessments of pain may be affected by different thresholds and memories over 12 months. Workloads by job tasks were known to be a primary risk for workrelated MSDs. 45, 46 This study did not collect these factors, as we aimed to focus on whether there was an association between any other non-job factors and MSDs. Therefore, the findings from the current study without measures of job tasks and physical load factors provide a clue to understand the multiple risk factors for MSDs rather than conclusive evidence. A strength of our study was that we used translated questionnaires by well-trained research assistants, public health university 
Conclusion
Health risk behaviors, increased risks of being overweight, obesity, depression, and their significant associations with the chronic MSDs in this young adult working population are quite challenging to public health interventions. Labor intensive occupations might minimize social interactions and have a negative effect on acculturation (while simultaneously negatively impacting the worker's health). The findings of one of the social determinants of health; acculturation affecting the MSDs should be considered in addition to the ergonomic strategies to improve MSDs of Myanmar migrant workers in Thailand. The longitudinal study to follow-up how acculturation strategies change with their stay in a host country and its impact on health could be useful to prevent chronic, disabling, and common musculoskeletal problems in this registered migrant population. Gender, depression, pattern of acculturation, and the acute MSDs will be additional important determinants of the chronic MSDs in the young adult working population. Target interventions aimed at improving the psychosocial and socio-cultural aspects of the working environment of migrant workers should be included in the local migrant friendly health services. In addition, according to the Thailand migration report of 2019, there is no integrated health information system for the data base on migrant health. 47 The fragmented databases managed by the Ministry of Interior, Ministry of Labor and Ministry of Public Health should be synchronized to provide the important resources for future research on the top leading cause of outpatient visits; musculoskeletal disorders among migrant workers in Thailand. 
